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Contact inhibitory factor (CIF) is a growth inhibitor ob-
tained from conditioned culture medium of a contact-in-
hibited line of hamster melanocytic cells , which reversibly 
restores density-, anchorage-, and serum-dependent growth 
to melanoma cells. The usefulness of liposomes as carriers 
for CIF was investigated in vitro. 
The stability ofliposomes prepared both with and with-
out CIF was demonstrated by measuring the rate of efflux 
of a KZCr04 marker. Anionic multilamellar lipid vesicles 
(7 phosphatidylcholine:2 dicetyl phosphate:l cholesterol) 
prepared with CIF-containing material and separated from 
unentrapped CIF by gel filtration on Sepharose 2B, showed 
A rtificiallipid vesicles, or liposomes, whose formation was first described by Bangham in 1965 [I), have been studied intensively from a variety of viewpoints (see [2,3) for comprehensive reviews), including their use as carriers for potential therapeutic agents [4). 
The latter include enzymes, chemotherapeutic drugs, hormones, 
radionuclides, antigens, antibodies, genes, lymphokines, and in-
.terferon inducers. We now describe the use ofliposomes in vitro 
as an effective carrier for a growth regulatory factor previ-
ously shown to restore density-dependent growth to melanoma 
cells [5]. 
Contact inhibitory factor (CIF) was first detected in 48-h-con-
ditioned, serum-free culture medium of a permanent line (FF) of 
contact-inhibited hamster melanocytes [5) whose origin had been 
described earlier [6,7). CIF restored density-dependent growth to 
malignant melanoma cells of hamster [5) as well as of murine and 
human [8) origins, invoking G 1 growth arrest of the hamster cells 
[8) . Effects of the partially purified material were reversible and 
nontoxic at concentrations below 200 J.tg/ml, and transcended 
tissue as well as species barriers in producing potent growth in-
hibition in vitro of a broad spectrum of tumor cell types of ec-
todermal, mesodermal, and endodermal origins [9) . A similar 
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retarded leakage of a KZCr04 marker (half-efflux at 77 h) 
when compared with identicalliposomes lacking CIF (half-
efflux at 40 h) . When added to subconfluent cultures of 
hamster melanoma cells, liposome-entrapped CIF restored 
contact-inhibited growth. Compared with aqueous solu-
tions of CIF, liposome-CIF effects were characterized by 
longer latency and more sustained duration. The ability of 
CIF-bearing liposomes to effectively restore density-de-
pendent growth in vitro should facilitate in vivo studies of 
the effects of this potent growth inhibitor on melanoma 
and other neoplasms. ] Invest Dermatol 87:309-312, 1986 
biologic activity was also demonstrated in conditioned culture 
medium of a contact-inhibited human epidermal cell line [9) . 
Subsequently, CIF was also found to restore both anchorage- and 
serum-dependent growth to hamster melanoma cells [10). 
In preparation for future studies of CIF in vivo, it seemed 
worthwhile to explore the possibility that a liposome carrier might 
provide an effective means for the sustained local delivery of CIF 
to melanoma cells . Thus, it was necessary first to show that CIF 
could be incorporated into relatively stable lipos6mes, and next 
to demonstrate that such liposome-entrapped CIF could exert its 
characteristic biologic effects in vitro. 
MA TERIALS AND METHODS 
Sources of Materials Egg phosphatidylcholine (chromato-
graphically pure) was obtained from Grand Island Biological Co.; 
dicetyl phosphate from K and K Laboratories, Inc. , Plainview, 
New York; cholesterol from Fisher Scientific Co. , Springfield, 
New Jersey; Triton X-I 00 from Sigma Chemical Co., St. Louis, 
Missouri; Sepharose 2B from Pharmacia, Piscataway, New Jer-
sey. All other compounds were of reagent grade. 
Preparation of elF The hamster amelanotic malignant mel-
anoma cell line RPMI 1846 and its contact-inhibited (density-
dependent) derivative line FF were maintained in stock cultures 
in 150-cm2 polystyrene culture flasks (Corning) at 37°C in a hu-
midified atmosphere containing 5% CO2 in balanced air. Cultures 
were fed biweekly with RPMI Medium 1640 supplemented with 
10% calf serum (Irvine Scientific) and antibiotics (penicillin, 100 
U/ml; streptomycin, 100 J.tg /ml; gentamycin, lOJ.tg/ml; Fungi-
zone, 2.5 J.tg/rnl), and subcultured at weekly intervals following 
removal of attached cells with Trypsin-EDTA solution (Gibco) . 
Confluent FF cultures, which served as a source of CIF, were 
prepared by seeding freshly trypsinized FF cells in multiple 75-
cm2 flasks at a density of 500, 000 cellslftask in 15 ml of complete 
medium. At confluence, cells were washed twice with phosphate-
buffered saline (PBS, Gibco) and refed with serum-free medium. 
After 48 h the serum-free conditioned medium (CM), containing 
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CIF, was collected, centrifuged gently to remove cells and debris, 
lyophilized, and stored at 4°C. 
A phenyl Sepharose (Pharmacia) column was equilibrated with 
4 M NaC!, 10 mM Tris, 10 mM EDTA at pH 8.0. The lyophilized 
CM was dissolved in the same buffer, and run through the column 
using the same buffer until a peak (monitored at 280 nM) appeared . 
After return of the peak to baseline, a new elution buffer (Tris, 
EDT A) was started and a second peak eluted . In a similar manner, 
a third peak was ob tained using unbuffered distilled water as the 
eluant. 
The third peak, containing the contact inhibitory activity , was 
desalted by Amicon filtration with a 10,000-dalton membrane, 
then lyophilized and stored at 4°C until used. 
Preparation of Liposomes Negatively charged multilamellar 
vesicles (liposomes) were prepared as described by Finkelstein 
and Weissmann [11] and Sessa and Weissmann [12]. Briefly, lipid 
mixtures containing phosphatidylcholine, dicetyl phosphate, and 
cholesterol (molar ratios, 7: 2: 1, respectively) in chloroform were 
rotoevaporated in vacuo to form a thin lipid film in a round-
bottom flask. Phosphate-buffered saline with or without CIF (peak 
III from the phenyl Sepharose column) (100-200 J.tg protein/ml) 
(Bio-Rad Laboratories, Rockville Center, N ew York) was then 
added to the flask to a final lipid concentration of 15 J.tmollml. 
The flask was then agitated for 10 min on a laboratory vortex to 
produce a suspension of multilamellar vesicles, which were then 
allowed to swell for 2 h at room temperature. 
Separation ofLiposomes from Unentrapped Solute When 
liposomes are prepared in the presence of a solute, a portion of 
the solute is entrapped but some or most remains in free solution; 
it is usually necessary to remove this. Two methods used in this 
experiment were gel filtration and centrifugation, as noted below. 
Stability of the Multilamellar Vesicles With and Without 
Associated CIF To demonstrate that the method of preparation 
was generating stable liposomes, 2 flasks with lipid film on their 
walls were prepared. To the first flask was added an aliquot of a 
dilute solution ofK2Cr04 (0.29 M), and to the second an identical 
aliquot of K2Cr04 containing added C IF at a concentration of 
100-200 J.tg/ml. Liposomes were then generated as described above. 
In this case the liposomes were separated from unentrapped solute 
by gel fi ltration on Sepharose 2B. In each case the most concen-
trated liposome fraction, which eluted in 2 ml , was divided into 
equal parts. To one aliquot Triton X-I00 was added to disrupt 
the liposomes in order to permit determination of the total K2Cr04 
concentration [13]. The other aliquot was used to determine the 
rate of efflux of K2Cr04 from intact Iiposomes into a dialysis 
bath, expressed as percent of total K2CrO'i concentration. 
The time course of decay of Iiposomes is shown in Fig 1. The 
percent of intact liposomes remaining at various times after prep-
aration is inversely related to the efflux of K2Cr04, and is cal-
culated according to the formula: 
where 
Cr (i) 
Cr(i) - Cr(r) 
Lt - Cr(i) X 100, 
Lt = % intact liposomes at time t 
total initial K2Cr04 in liposome preparation 
Cr(r) = total K2Cr04 released 
into dialysis bath at time t. 
After an initial accelerated decline, the curve assumes a rela-
tively flat slope on a semilogarithmic scale. Half of the K2Cr04 
was released from CIF-containing liposomes in 77 h; an equivalent 
amount of K2Cr04 was released from blank liposomes in 40 h. 
Thus, the association of CIF with liposomes reduced the efflux 
rate of K2Cr04. 
Preparation of Multilamellar Vesicles with CIF for Addi-
tion to Cell Culture Liposomes with C IF were prepared through 
the swelling stage as outlined above. However, since passage of 
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Figure 1. Loss of chromate ion from blank liposomes (solid circle) and 
liposomes containing e lF (opell circle) . 
these Iiposomes through Sepharose 2B leads to a significant re-
duction in the final concentration of protein when compared with 
that in the initial swell solution, in order to ensure a maximally 
high concentration of CIF for addition to cultures, an alternate 
method for final preparation of liposomes was selected. The lip-
osome swelling solution was centrifuged (2000 g x 20 min at 
4°C) to separate the unassociated solute. Pellets were resuspended 
in PBS (450 J.tg protein/ml) and added to tissue culture medium 
at dilutions of 1: 4 to 1: 32 (14-112 J.tg/ml) . Control culture me-
dium included both identically prepared blank liposomes (PBS 
alone) and plain CIF in PBS at concentrations of 25-200 J.tg pro-
tein/ml. 
Transfer of Density-Dependent Growth to Melanonta 
Cells For experimen ts, RPM I 1846 melanoma cells were first 
plated in complete medium from stock culture into wells of Falcon 
Micro Test II plates at subconfluent densities of 10,000 cells/well. 
Following cell attachment after 2-3 h, some of the wells were 
refed with complete medium containing liposomes (14.6 J.tM 
lipid/ml Iiposomes) with entrapped CIF (14-112 J.tg protein/ml 
at final dilutions in medium). A second group of wells received 
complete medium with blank liposomes containing identical con-
centrations of lipids. A third group was refed with complete 
medium containing added CIF (25, 50, 100, or 200 J.tg protein/ml) 
without liposomes. Finally, a fourth group received only fresh 
medium without CIF or liposomes . All cultures were refed once 
after 48 h with fresh aliquots of their respective media. Cultures 
were observed daily for morphologic and growth patterns, pho-
tographed on day 5, and counted on day 7. 
RESULTS 
All cultures (except those receiving plain CIF at 200 J.tg pro-
tein/ml, which showed toxicity), remained viable, as judged by 
dye exclusion. Control cultures receiving complete growth me-
dium only, as well as those receiving blank liposomes, displayed 
essentially similar morphology (Fig 2a), viz, multilayered, high-
density overgrowth of pleomorphic, disoriented melanoma cells . 
By contrast, those cultures receiving either aqueous CIF (25-100 
J.tg protein/ml) or liposome-entrapped CIF (at 1: 4 and 1: 8 di-
lutions, equivalent to protein concentrations of 112-56 J.tg/ml) , 
underwent the characteristic morphologic changes previously de-
scribed [5], i. e. , the formation of cohesive monolayers of welI-
oriented, flattened, uniformly bipolar cells which fai led to pile up 
at confluence (Fig 2b). Liposomes containing CIF (56 or 112 J.tg 
protein/ml) effected reductions in saturation densities similar to 
those obtained with regular non-liposome-containing medium 
with CIF (50 or 100 J.tg protein/mIl. while effecting similar mor-
phologic reversion. Both the Iiposome-entrapped CIF and the 
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aqueous CIF preparations resulted in markedly lower sa turation 
densities (7,500 and 11 ,300 cells /well , respectively) than occurred 
in untreated controls (62,500 cells /well) (Table I) . Although blank 
liposomes alone were somewhat inhibitory, they fa iled to induce 
morphologic reversion at all , whereas the presence of CIF mark-
edly augmented the growth inhibitory effect at 56 p,g protein/ ml 
concentration with acco mpanying morphologic reversion at both 
56 and 112 p,g protein / ml. Interestingly, the ea rliest observed 
effect, viz, change of cell shape, was noted sooner (after 24 h) in 
the case of aqueous C IF, while requiring 48 h in cultures receiving 
liposome-entrapped CIF. The contact inhibitory and morpho-
logic reversion effects persisted for 5 days after the refeeding on 
day 2 in the liposome-CIF cultures, but only for 3 days in the 
cultures refed on day 2 with aq ueous C IF. Thus, entrapment of 
elF resulted in some delay in the appearance of the characteristic 
changes, but also produced a more prolonged effect. 
DISCUSSION 
The use of artificial lipid vesicles as ca rriers for a variety of po-
tential therapeutic agents is now under intensive study in many 
laboratories. A prerequisite for effective application is the actual 
ability of particular carrier liposomes to successfully present to, 
or introduce into , relevant target cells their sequestered macro-
molecules. The present study was undertaken to determine whether 
liposome-entrapped C IF could ac tuall y confer density-dependent 
g rowth upon melanoma cells in vitro as a preliminary step to 
studies with CIF in vivo . It was found that negatively charged 
(i.e., anionic) multilamellar vesicles could provide a stable, slow 
release carrier for CIF. CIF also decreased the efflu x rate of a 
chromate marker by nea rly 50%. 
The mechanism of transfer of CIF's biologic activi ty to the 
melanoma cells via liposomes is not known, but previous studies 
of cellular uptake from multilamellar vesicles by nonphagocytic 
cells have provided evidence that both endocytosis and vesicle-
cell membrane fusion may occur [14-18] . 
The observed 24-h delay in the appearance of the characteristic 
morphologic changes produced by liposome-entrapped C IF on 
Table I. Saturation Densities of RPMI 1846 Cultures After 
Growth in Various Media 
Group Description 
Liposo mes" + C IF (112 p.g protein / ml) 
Liposo m es + CIF (56 p.g protein/ml) 
2 Liposomes (empty) 
Liposom es (empty) 1 :2 dilution 
3 Regular m edium 
+ CIF (100 p.g protein/ml) 
+ C IF (50 p.g protein /ml) 
+ C IF (25 p.g protein/ml) 
4 Regular medium without C IF 
' Average of duplicate experiments. 
' Liposomes contained 14.6 IJ.M Iipid/mlliposomes. 
Saturation Densities" 
(cells/well) 
7,500 
27,000 
29,000 
33,000 
11 ,300 
25,000 
52,800 
62,500 
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Figure 2. a, RPM I 1846 cells incubated for 5 
days in medium containing blank liposomes 
(1 : 4 dilution). Pleomorphic, disoriented, mul-
tilayered overgrowth. x 100. b, RPMI 1846 
cells incubated for 5 days in medium contain-
ing liposome-entrapped C IF (1:4 dilution). Flat 
monolayer of oriented fibroblastic cells. x 100. 
melanoma cells in vitro, compared with free C IF, is compatible 
with the gradual release of the biologically active material from 
its sequestered state. The observed prolongation of the contact-
inhibited state for at least 2 extra days by liposome-C IF, compared 
with nonentrapped ClF, also suggests a possible sparing effect on 
CIF degradation or catabolism by a slow-release carrier. 
In view of the strong correlation between density, anchorage, 
and serum dependence (the 3 in vitro phenotypic characteris tics 
thus far shown to be restored to melanoma cells by CIF) and 
normal biologic behavior in the intac t animal [1 9- 25], it will be 
of interest to explore the effects of CIF, both free and liposome-
sequestered, in vivo . 
The studies reported here demonstrate the restoration of den-
sity-dependent growth in vitro to hamster melanoma cells by 
liposome-entrapped C lF and provide the preliminary basis for 
extension of these investigations to appropriate animal tumor 
models . 
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